Background-Rosiglitazone has several properties that may affect progression of atherosclerosis. The Assessment on the Prevention of Progression by Rosiglitazone on Atherosclerosis in Diabetes Patients With Cardiovascular History (APPROACH) study was undertaken to determine the effect of the thiazolidinedione rosiglitazone on coronary atherosclerosis as assessed by intravascular ultrasound compared with the sulfonylurea glipizide. Methods and Results-This was a randomized, double-blind, controlled 18-month study in 672 patients aged 30 to 80 years with established type 2 diabetes mellitus treated by lifestyle, 1 oral agent, or submaximal doses of 2 oral agents who had at least 1 atherosclerotic plaque with 10% to 50% luminal narrowing in a coronary artery that had not undergone intervention during a clinically indicated coronary angiography or percutaneous coronary intervention. The primary outcome was change in percent atheroma volume in the longest and least angulated epicardial coronary artery that had not undergone intervention. Secondary outcomes included change in normalized total atheroma volume and change in total atheroma volume in the most diseased baseline 10-mm segment. Rosiglitazone did not significantly reduce the primary outcome of percent atheroma volume compared with glipizide (Ϫ0.64%; 95% confidence interval, Ϫ1.46 to 0.17; Pϭ0.12). The secondary outcome of normalized total atheroma volume was significantly reduced by rosiglitazone compared with glipizide (Ϫ5.1 mm 3 ; 95% confidence interval, Ϫ10.0 to Ϫ0.3; Pϭ0.04); however, no significant difference between groups was observed for the change in total atheroma volume within the most diseased baseline 10-mm segment (Ϫ1.7 mm 3 ; 95% confidence interval, Ϫ3.9 to 0.5; Pϭ0.13). Conclusions-Rosiglitazone did not significantly decrease the primary end point of progression of coronary atherosclerosis more than glipizide in patients with type 2 diabetes mellitus and coronary atherosclerosis. Clinical Trial Registration-http://www.clinicaltrials.gov.
T ype 2 diabetes mellitus is a strong independent risk factor for cardiovascular diseases, 1 and epidemiological studies have shown that this risk is progressively related to the degree of hyperglycemia as measured by the hemoglobin A 1C . 2 Whereas recent trials of more intensive versus less intensive glucose lowering with a menu of drugs did not detect a clear cardiovascular benefit, 3, 4 the observation of reduced myocardial infarction and all-cause mortality in metformin-treated obese subjects during active therapy in the United Kingdom Prospective Diabetes study 5 and in all participants after an additional 8.5 years of passive follow-up 6 suggests that specific glucose-lowering drugs may have cardiovascular benefits. Coronary atherosclerosis forms the substrate for vulnerable plaque, which is hypothesized to precede clinical coronary events. Coronary atherosclerosis can be directly assessed with the use of intravascular ultrasonography (IVUS), and progression of IVUS-determined atherosclerosis has been correlated with an increased risk of coronary events. 7, 8 Furthermore, reductions in IVUS-detected plaque volume have been demonstrated in response to antihypertensive 9 and lipid-lowering therapies 10 -13 that also reduce the incidence of coronary events.
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Thiazolidinediones have effects on cardiovascular risk factors, including insulin sensitivity, 14, 15 inflammatory biomarkers, 16 endothelial function, 17 coagulability, 16, 18, 19 plaque instability, 16 and blood pressure, 20 that may slow the progression of coronary atherosclerosis. Some controlled trials of both thiazolidinediones (rosiglitazone and pioglitazone) in patients with type 2 diabetes mellitus have suggested a favorable effect of these agents on carotid atherosclerosis 21 and in-stent restenosis 22 ; however, the applicability of these data to native vessel coronary disease is uncertain. Moreover, a recent large randomized trial of 1 thiazolidinedione (pioglitazone) demonstrated that it reduced progression of coronary atherosclerosis in arteries that had not undergone intervention more than glimepiride. 23 To date, comparable data with the use of rosiglitazone have not been available.
The Assessment on the Prevention of Progression by Rosiglitazone on Atherosclerosis in Diabetes Patients With Cardiovascular History (APPROACH) trial was designed to compare the effect of rosiglitazone and glipizide, agents that reduce glucose through different mechanisms, on progression of coronary atherosclerosis. Importantly, the trial was designed to provide comparable glycemic control between treatment arms and to evaluate the treatment effect on a background of optimized contemporary therapy for secondary prevention of coronary disease including statins, antiplatelet agents, and antihypertensive medications.
Methods

Study Design and Eligibility Criteria
A detailed description of the APPROACH trial has been published previously. 24 APPROACH was a prospective, multicenter, doubleblind, randomized, active-controlled trial (Figure 1 ) of 672 patients from 92 centers in 19 countries, who were aged 30 to 80 years with established type 2 diabetes mellitus and who had clinically indicated coronary angiography or percutaneous coronary intervention (PCI) between February 2005 and January 2007. Patients were included if they had at least 1 atherosclerotic plaque with 10% to 50% luminal narrowing in a coronary artery that had not undergone intervention and if their diabetes mellitus was treated with either lifestyle approaches alone (with a hemoglobin A 1C Ͼ7% and Յ10%) or with oral agents comprising 1 oral agent at any dose or 2 oral agents, in which case each was prescribed at Յ50% of its maximal dose (with a hemoglobin A 1C Ͼ6.5% and Յ8.5%). Exclusion criteria were as follows: ST-segment elevation myocardial infarction in the prior 30 days; coronary artery bypass graft surgery; severe valvular heart disease; left ventricular ejection fraction Ͻ40%; any heart failure (New York Heart Association class I to IV); uncontrolled hypertension (systolic blood pressure Ͼ170 mm Hg or diastolic blood pressure Ͼ100 mm Hg); renal insufficiency (serum creatinine Ն1.5 mg/dL for men or Ն1.4 mg/dL for women); and active liver disease. Participant safety was monitored by an Independent Data Monitoring Committee who periodically reviewed rates of clinical outcomes according to unmasked therapy. The study protocol and consent forms were reviewed by the institutional review board at each site, and all patients provided written informed consent. Study design, implementation, and analysis were performed under the supervision of the Steering Committee, which was composed of 7 members from external academic institutions and 2 from the sponsor. Data analysis was performed according to a prespecified plan that was developed with the approval of the Steering Committee.
Management of Glycemia and Follow-Up
Patients were randomized in a 1:1 ratio to receive masked rosiglitazone (4 mg/d) or glipizide (5 mg/d) in 1 pill. At the time of randomization, the doses of other oral antidiabetic drugs were reduced by 50% and were discontinued during a visit 1 month later. At that time and after 2 and 3 months, the dose of masked study drug was increased if tolerated and if the mean daily glucose level calculated from the patient's logbook of capillary tests in the 3 days before the visit was Ն126 mg/dL (7.0 mmol/L). If Ͼ1 titration was required, 2 pills per day were given. Titration doses of rosiglitazone at the first, second, and third titration were 4 mg/d (1 pill; unchanged dose), 8 mg/d (as 2 pills with active drug in the morning and placebo in the evening), and 4 mg BID, respectively; glipizide dosing at these visits were 10 mg/d (1 pill), 10 mg in the morning and 5 mg in the evening (as 2 pills), and this same dose as the third titration, respectively. Open-label metformin (maximal total daily dose, 2550 mg) and then once-daily basal insulin or both were added after the first 3 months if needed to maintain a hemoglobin A 1C Յ7% with the use of a glycemic titration algorithm designed to provide comparable glycemic control between treatment groups. Nonstudy drugs were reduced before study drugs in the event of hypoglycemia requiring dose reductions. Unless informed consent was formally withdrawn, all patients were followed until 18 months from randomization, and clinical status was ascertained regardless of whether they continued to take study medication.
IVUS Examination and Image Analysis
The longest and least angulated epicardial coronary artery that had not undergone intervention was selected for IVUS examination. Angiographers were instructed to choose a plaque within which there was at least 20% stenosis by visual assessment. They were also instructed to ensure that the region of interest was flanked by 2 anatomic landmarks that could be easily identified at follow-up (ie, side branches). After intracoronary administration of nitroglycerin, an ultrasound catheter (2.5F Atlantis SR Pro Imaging 40 MHz) connected to a Galaxy G2 digital imaging console (Boston Scientific, Natick, Mass) was advanced into the target vessel. The imaging transducer was positioned just distal to an identifiable side branch, and then motorized pullback of the transducer was performed at 0.5 mm/s. Follow-up IVUS examination was performed at study completion in all patients providing informed consent (irrespective of whether they continued to take study medication) with imaging of the same coronary artery segment identified at the baseline examination. If a participant required cardiac catheterization for a clinical indication between 9 and 18 months, follow-up IVUS examination could be performed at that time instead of at study completion.
IVUS Outcomes
Core laboratory personnel (Cardialysis, Rotterdam, the Netherlands) who were blinded to treatment assignment analyzed all IVUS images using validated software (Curad, version 3.1, Wijk bij Duurstede, the Netherlands), which facilitates detection of luminal and external elastic membrane (EEM) boundaries in reconstructed longitudinal planes. To obtain a smooth appearance of the vessel wall structures in the longitudinal views, the Intelligate image-based gating method was applied. 25, 26 The primary IVUS outcome is the change in percent atheroma volume (PAV), 9,27 calculated as PAVϭ[⌺(EEM CSA Ϫ LUMEN CSA )/⌺EEM CSA ]ϫ100, where EEM CSA is the external elastic membrane cross-sectional area (CSA) and LUMEN CSA is the luminal cross-sectional area. A secondary IVUS outcome is the change in normalized total atheroma volume (TAV N ), calculated as the product of the mean atheroma area and the median segment length in the entire population, as follows:
This calculation adjusts for differing segment lengths across patients, thereby providing equal weighting of each patient in the calculation of atheroma volume. An additional secondary IVUS outcome is the change in TAV in the most diseased baseline 10-mm segment. This was calculated as the follow-upϪbaseline difference in the TAV within the 10-mm contiguous segment with the greatest atheroma volume at baseline. Intraobserver variability was assessed with the use of IVUS recordings from 20 randomly selected patients. Baseline and follow-up IVUS examinations were each analyzed twice by the same analyst who did not know whether the baseline or follow-up IVUS recording was being read. The mean (SD) differences were 0.09 (0.18) mm 2 for vessel area and Ϫ0.02 (0.23) mm 2 for lumen area. To evaluate variability between IVUS analysis methods, the same patients were analyzed twice longitudinally and twice cross sectionally. 10 The mean (SD) differences (in mm 2 ) were 0.10 (0.36) mm 2 for vessel area and 0.001 (0.46) mm 2 for lumen area. Finally, to assess variability between core laboratories, the same patients were analyzed twice cross sectionally at different core laboratories (Cardialysis, Rotterdam, the Netherlands, and MedStar Research Institute, Division of Cardiology, Washington, DC). The mean (SD) differences (in mm 2 ) were 0.53 (0.37) mm 2 for vessel area and Ϫ0.07 (0.45) mm 2 for lumen area.
Clinical Cardiovascular Outcomes
Investigators submitted end point forms for any event that could potentially represent a myocardial ischemic event or heart failure. An independent end point committee blinded to treatment assignment prospectively adjudicated these cardiovascular events, which included cardiovascular and noncardiovascular death, nonfatal myocardial infarction and stroke, coronary revascularization, hospitalization for recurrent myocardial ischemia, and heart failure.
Statistical Methods
Continuous variables are expressed as mean and SD or median and interquartile range if nonnormally distributed, with categorical variables reported as percentage. IVUS outcomes were analyzed with the use of ANCOVA with terms for treatment group, baseline value, geographic region, gender, entry cardiac procedure (angiography or PCI), and prior oral antidiabetic medication. The change in PAV for each allocated group was calculated by estimating the modeladjusted mean change in PAV across the cohort. All P values are 2-sided and not adjusted for multiple testing, with P values Յ0.05 considered significant. A worst-rank sensitivity analysis was performed as described previously to assess the potential influence on the primary end point of randomized patients who did not complete the follow-up IVUS examination because of a cardiovascular event. 28 For this analysis, all patients with evaluable baseline and follow-up IVUS examinations were assigned a rank value based on their change in PAV (ordered from least to greatest). Patients without a follow-up IVUS as noted above were assigned a rank value that was worse than that of the patient with the greatest increase in PAV. The rank value for these patients was first assigned on the basis of a prespecified hierarchy determined by the Steering Committee accounting for both clinical severity and relationship of the event to coronary atherosclerosis, as follows (lowest to highest rank): congestive heart failure, hospitalization for recurrent myocardial ischemia, coronary revascularization, noncardiovascular death, nonfatal stroke, nonfatal myocardial infarction, and cardiovascular death. Within each event category, the final rank was determined by the time to event, with earlier events assigned a worse (higher) rank. The worst-rank analysis compared the distribution of rank values between treatment groups with the use of a univariate Wilcoxon-MannWhitney test. Analysis of the primary IVUS outcome in prespecified subgroups, including region, angiography versus PCI, prior oral agent use (drug naive, sulfonylurea, metformin, dual therapy), age (Յ60 versus Ͼ60 years), gender, systolic blood pressure (Յ130 versus Ͼ130 mm Hg), statin use, body mass index, diabetes mellitus duration, baseline high-sensitivity C-reactive protein, hemoglobin A 1C , high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, and PAV (less than or equal to the median versus more than the median value), was performed with the use of ANCOVA with a test for treatment-by-subgroup interaction. The effect of treatment allocation on time to first occurrence of the various cardiovascular outcomes was estimated with a Cox proportional hazards model that included terms for treatment group, region, angiography versus PCI, and prior oral agent use.
Sample size calculations determined that 206 patients per group with evaluable baseline and follow-up IVUS examinations were required to provide 90% power with a 2-sided ␣ of 0.05 to detect a treatment difference between the groups of 1.6%, with the assumption of a 5.0% SD for the primary IVUS outcome. These assumptions were based on prior IVUS studies of lipid-lowering therapies in patients with diabetes mellitus. 10 Given prior noncompletion rates among patients with type 2 diabetes mellitus in contemporary IVUS studies ranging from 25% to 35%, 9,10,23,27 a total sample size of 634 randomized patients was required under the worst-case assumption of a 35% noncompletion rate. All analyses were performed with the use of SAS version 9.1 (SAS Institute, Cary, NC). Finally, to ensure the accuracy of the analyses, data for the primary and secondary end points were provided to an external biostatistician (Dr Todd A. IQR indicates interquartile range; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; hsCRP, high-sensitivity C-reactive protein; and MMP-9, matrix metalloproteinase-9. SI conversion factors: to convert fasting plasma glucose to mmol/L, multiply by 0.0555; LDL and HDL cholesterol values to mmol/L, by 0.0259; triglyceride values to mmol/L, by 0.0113; serum creatinine to mol/L, by 88.4; fasting insulin to pmol/L, by 6.945; and c-reactive protein to nmol/L, by 9.524. *Performed in a subset of patients (B-natriuretic peptide ͓BNP͔, nϭ464; fasting insulin, nϭ435.
MacKenzie, Dartmouth Medical School), who independently repeated and confirmed all of the findings reported herein. All authors had access to study data and take responsibility for the integrity of the data and the accuracy of the data analysis. All authors have read and agree to the manuscript as written.
Results
Participants
Of 1147 people who were screened, 672 (68% men) of mean (SD) age 61 (9) years with median diabetes mellitus duration of 4.8 years and mean hemoglobin A 1C of 7.2% (0.9) were randomized to either glipizide (nϭ339) or rosiglitazone (nϭ333) from 92 sites in 19 countries (Figure 1) . Baseline characteristics by treatment group are noted in Table 1 ; by chance, patients allocated to rosiglitazone versus glipizide were slightly older and had a slightly higher serum creatinine and lower systolic blood pressure. Because randomization was stratified by the cardiac procedure, 50% of enrolled patients had diagnostic coronary angiography, and 50% had a PCI. A total of 38% presented with acute coronary syndrome, and 76% were on statins. A total of 229 of 339 patients (67.5%) allocated to glipizide and 233 of 333 (70%) allocated to rosiglitazone had an evaluable baseline and follow-up IVUS. Compared with participants who did not have 2 evaluable IVUS examinations, those who did had a slightly lower diastolic blood pressure (Pϭ0.04), were more likely to be from South America (Pϭ0.001), were less likely to be on 2 oral antidiabetic agents (Pϭ0.004), and were more likely to have had a stent inserted (Pϭ0.006). An assessment of vital status at the 18-month final visit was available in 317 patients (93.5%) allocated to glipizide and 316 patients (94.9%) allocated to rosiglitazone. Patients were followed for a median of 18.6 months (interquartile range, 18.2 to 18.9) and a mean (SD) of 16 (6) months; patients allocated to glipizide were adherent (took Ն80% and Յ120% of their study medications) at 90.7% of visits, and those allocated to rosiglitazone were adherent at 92.7% of visits. Adverse effects that were either of interest on the basis of prior studies, that occurred in Ͼ5% of participants in either group, or that significantly differed in frequency between groups are noted in Table 2 . Compared with patients in the glipizide group, those allocated to rosiglitazone had less hypoglycemia and more anemia. No between-group difference was noted in the rate of cardiovascular events (all adjudicated) that occurred infrequently during the trial (Table  3) ; 5 of the cardiovascular events in the rosiglitazone group (1 revascularization, 2 nonfatal myocardial infarctions, 1 nonfatal stroke, and 1 cardiovascular death) occurred within 5 days of the baseline cardiac catheterization and were classified as procedure related.
The mean (SD) dose of study drug for patients who had a baseline and follow-up IVUS was 12.3 (4.3) mg for glipizide and 6.8 (1.8) mg for rosiglitazone. Of these patients, 220 (96.1%) allocated to glipizide and 220 (94.4%) allocated to rosiglitazone had their follow-up IVUS done Ն17 months after the baseline IVUS. Figure 2 illustrates the change from baseline in hemoglobin A 1C , blood pressure, lipids, and weight for each group, and Table 4 lists the postrandomization mean or median values for these and other variables, as well the final use of concomitant medications by treatment group. During the first 3 months of therapy, when rosiglitazone or glipizide was substituted for other oral agents, hemoglobin A 1C levels were higher on rosiglitazone. Subsequently, hemoglobin A 1C levels were the same, and the final hemoglobin A 1C levels did not differ between groups; however, these fluctuations led to a slightly higher average postrandomization hemoglobin A 1C value on rosiglitazone compared with glipizide (7.0% versus 6.9%, respectively; Pϭ0.01). In addition, compared with patients on glipizide, those on rosiglitazone had no significant difference in weight or systolic blood pressure; a significantly lower postrandomization diastolic blood pressure, high-sensitivity C-reactive protein, and matrix metalloproteinase-9; and a significantly higher postrandomization LDL cholesterol and HDL cholesterol. (1) when the data were analyzed after adjustment for baseline differences in age, creatinine, and systolic blood Values are number of patients with an event (%). Adverse events requiring changes in study drug, reported in Ն5% of patients in either group, significantly differed between groups or were of interest on the basis of other studies are listed.
Effect on IVUS End Points
pressure (Ϫ0.60%; 95% CI, Ϫ1.43 to 0.23; Pϭ0.15) and (2) when the data were analyzed with a worst-rank analysis comprising 243 glipizide (72%) and 247 rosiglitazone patients (74%), in which the 28 patients (14 per group) who did not have 2 evaluable IVUS examinations due to a cardiovascular event were assigned a rank on the basis of their event as described above (Pϭ0.20). The main secondary end point of TAV N did not significantly change in patients allocated to glipizide (1.2 mm 3 ; 95% CI, Ϫ2.7 to 5.1; Pϭ0.54). However, it significantly decreased by 3.9 mm 3 (95% CI, Ϫ7.8 to Ϫ0.02; Pϭ0.049) in patients allocated to rosiglitazone, and, compared with glipizide, rosiglitazone significantly reduced TAV N by 5.1 mm 3 (95% CI, Ϫ10.0 to Ϫ0.3; Pϭ0.04). Atheroma volume within the most diseased baseline 10-mm segment was the other main secondary IVUS end point and decreased from baseline by 3.6 mm 3 (95% CI, Ϫ5.3 to Ϫ1.8; PϽ0.0001) in patients allocated to glipizide and by 5.3 mm 3 (95% CI, Ϫ7.0 to Ϫ3.5; PϽ0.0001) in patients allocated to rosiglitazone; the effect of rosiglitazone did not significantly differ from that of glipizide (Ϫ1.7 mm 3 ; 95% CI, Ϫ3.9 to 0.5; Pϭ0.13).
When analyzed according to prespecified subgroups (Figure 3) , an interaction between treatment allocation and diabetes mellitus duration was noted (Pϭ0.005) such that rosiglitazone reduced the PAV more than glipizide in patients with diabetes mellitus duration longer than the median duration of 4.9 years (ie, a 1.8% decrease versus a 0.5% increase in those with a shorter diabetes mellitus duration).
Discussion
In this 1.5-year trial, rosiglitazone did not reduce progression of coronary artery plaque as measured by the primary IVUS end point of PAV compared with glipizide. The prespecified subgroup analyses suggesting an effect of rosiglitazone on PAV in participants with the longest diabetes mellitus duration raise the possibility of some antiatherosclerotic effect in this subgroup but should be viewed as hypothesis generating because of the many subgroups tested. Similarly, the observation that rosiglitazone significantly reduced the secondary outcome of TAV N does not prove that rosiglitazone reduces atherosclerotic plaque progression more than glipizide in light of the absence of benefit on the primary IVUS outcome.
Although not significant, the APPROACH findings are qualitatively similar to those of a similar trial in which another thiazolidinedione (pioglitazone) was compared with glimepiride. 23 In that trial, pioglitazone significantly reduced the primary outcome of PAV by 0.89% compared with glimepiride during 18 months of therapy (Pϭ0.002). The P values pertain to between-group differences in variables after randomization and in medication use at the final visit. hsCRP indicates high-sensitivity C-reactive protein; MMP-9, matrix metalloproteinase-9; ACE, angiotensinconverting enzyme; and ARB, angiotensin II receptor blocker. absence of a significant effect of rosiglitazone in this study may be due to the fact that the PAV in the glipizide control group only increased modestly with time. These observations and reports of similar beneficial effects of these 2 drugs on carotid intima-media thickness 21, 29 and the need for revascularization after PCI 30 suggest that they have similar effects on atherosclerosis. Whether they have similar or different effects on cardiovascular outcomes remains uncertain, especially in light of recent meta-analyses relative to the cardiovascular safety of rosiglitazone. [31] [32] [33] [34] [35] [36] [37] The effect of these drugs on cardiovascular outcomes can only be assessed by directly comparing them with each other and with placebo in a large head-to-head cardiovascular outcome trial. Such a trial (Thiazolidinedione Intervention With Vitamin D Evaluation [TIDE] ) is now under way (http://www.clinical trials.gov; Unique Identifier NCT00879970).
Strengths of this study are the large sample size, the use of masked therapies, high adherence rates, achievement of similar levels of cardiovascular risk factors in both groups, and careful validated measurements of IVUS indices. These findings are limited by the fact that 32.5% of patients allocated to glipizide and 30% of patients allocated to rosiglitazone did not have 2 evaluable IVUS measurements. Moreover, the observation that patients without 2 evaluable IVUS measurements were less likely to have had a stent inserted at baseline and were on fewer antidiabetic agents than those who had the 2 IVUS measurements suggests that the patients who did have the 2 IVUS measurements were those with more advanced atherosclerosis at baseline. However, the findings of the worst-rank analysis, which includes 490 of the 672 randomized participants (73%) who received at least 1 dose of blinded medication and which was similar to the analysis of patients with the 2 evaluable IVUS measurements, suggest that it is unlikely that data from these individuals would have substantively altered the findings. These findings are also limited by the observation that rosiglitazone participants had a higher hemoglobin A 1C level and that glipizide-treated patients had a lower LDL level after randomization despite blinded adjustment of medications designed to achieve similar levels of hemoglobin A 1C and LDL.
In summary, this study did not prove the hypothesis that rosiglitazone has a greater antiatherosclerotic effect than glipizide in patients with type 2 diabetes mellitus. However, reduced plaque progression in the presence of more advanced diabetes mellitus and the reduced secondary IVUS outcome suggest that there may be a benefit in some subgroups. Ongoing analyses will evaluate which factors relate to changes in atherosclerosis as measured by IVUS and will explore the effects of rosiglitazone on atherosclerosis and plaque in more detail.
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